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(54) [Title of the invention] Extraction 
method for closed region of figure 

(57) [Summary] 

[Objective] To cut out open region intervals as a 
set of closed region figures from entered regions- 
being composed with multiple polygonal vectors. 
[Constitution] In a case wherein polygonal 
vectors are pre-entered as outlines in a region 
where area recognition is conducted such as roads 
on a map, and when an operator selects a point 
within the region, it traces polygonal line vectors 
from the enter point and cut outs polygonal line 
vectors. It generates hidden line vectors on both 
ends of the cut out open polygonal lines, and 
outputs a closed figure which is surrounded with 
the cut out polygonal line vectors and hidden line 
vectors. It repeats these operations, and regions of 
such as intersections are considered as closed 
regions being composed with remaining polygo- 
nal line vectors and hidden line vectors and 
conducts cut out of closed figured at one time. 
[Effect] It is able to cut out road sections of 



maps, for example, as closed figures in high 
efficiency. 
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Convert road surfaces into 
closed figures at discrete 
editing section. 
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Convert all intersections 
into closed figures at batch 
editing section. 
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[Claims] 

[Claim 1] In graphic processing device 
which edits and outputs open regions of figure 
which are described in drawings and de- 
scribed with multiple polygonal line vectors, 
as a set of multiple close region figures; 
extraction method for closed region of figure 
which is characterized by containing follow- 
ing protocols of 1) through 5). 

1) Select two polygonal line vectors near the 
point which is designated by an operator 
among said open regions, 

2) cut out polygonal line vectors until se- 
lected two polygonal line vectors become 
practically not parallel, and outputs closed 
regions by connecting the cut out polygonal 
line vectors with hidden line vectors, 

3) repeat above described protocols of 1) 
and 2), 

4) for regions which were not cut out in the 
processing of 3), define and output closed 
regions by using polygonal line vectors 
existing in that region and hidden lined being 
defined by above described protocol of 2), 
and 

5) repeat the protocol of 4) for the regions 
which were not cut out in the processing 
of 3). 

[Claim 2] Extraction method for closed 
region of figure of Claim 1 wherein the 
protocol of above described 1) is to select two 
which are closest among polygonal line 
vectors which exist within a range which has 
been determined beforehand. 
[Claim 3] Extraction method for. closed 
region of figure of Claim 2 wherein the 
protocol of above described 2) is to obtain 
angle 0 between two polygonal line vectors 
and to judge that they are not parallel when 
this 0 is within a range which has been 
determined beforehand. 
[Claim 4] Extraction method for closed 
region of figure of Claim 3 wherein a closed 
region is defined by providing hidden line 
vectors along the drawing region border in a 
N case when the object region to be cut out 



contacts with the drawing region border, in 
above described 4). 

[Detailed explanation of the invention] 
[0001] 

[Application field in industry] This inven- 
tion concerns extraction method of closed 
region of figures in graphic processing device, 
and is able to apply in a case when recogniz- 
ing regions such as roads on a geological map 
as areas (closed region, closed figure), and 
further, it concerns extraction method of 
closed region of figures which is suitable for 
editing such as roads on geological maps of 
which outline have been entered as polygonal 
line vectors in advance as a set of multiple 
closed regions. 
[0002] 

[Prior technology] Editing elements such as 
roads on geographical maps as a set of closed 
regions having an attribute of area is neces- 
sary to judge in which region on the geo- 
graphical map the designated belongs, when 
an arbitrary point on a geographical map is 
designated. According to previous method, it 
has been done by a method which is to 
manually define and enter a closed region 
which is to be recognized, in order to recog- 
nize a region like above described with a 
graphic processing device. For example in 
Figure 2, when a region of roads in the 
geographical map 21 is to be recognized as an 
area, it has been done that an operator defines 
by splitting it into closed regions of fl 
through f7 for the road area which is to be 
recognized as an area, as shown in enlarged 
illustration 22, and closed figure vector of 
each closed region is manually entered. On 
the other hand, entering outlines only as open 
figure vectors for such as roads on geographi- 
cal maps, a method has been known wherein a 
geographical map is entered with a graphic 
entering device such as an image scanner in a 
graphic processing device and the outlines of 
such as roads on the entered image graphics 
are traced and converted them into vectors. 
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[0003] 

[Problems to be solved by this invention] 

Above described manual entering method 
requires significant time in operation, and 
entering large quantity of graphics with this 
method has been very inefficient. Further, the 
method to turn into vector by tracing outlines 
is effective for cutting out of a close region 
which is surrounded four sides with roads 
(cross lined region in Figure 2, for example), 
however, there have been a need to manually 
convert necessary regions into closed region 
after entering only outlines as open figure 
vectors as described above, when an attempt 
is made to recognize an open- region such as 
roads as a set of closed regions. 
[0004] - The objective of this invention is to 
provide extraction method for closed region 
of figure which defines open regions which 
do not form closed regions as a set of closed 
regions by using polygonal line vectors for 
regions such as roads in geographical map 
wherein outlines have been entered as po- 
lygonal line vectors. 
[0005] 

[Means to solve the problems] In order to 
accomplish above objective, this invention 
first classify a road into road areas a and 
intersections b as shown in Figure 1 . This 
road is an open region which is not made to a 
closed region by polygonal line vectors when 
it is viewed from a point on the road. For 
road area a, a graphic processing device will 
automatically cut out polygonal line vectors 
(C in Figure 1) which are contained in this 
region when an operator simply designate one 
point within this region, and it generates 
hidden line vectors (dashed lines in enlarged 
section in Figure 1) on both ends and makes 
an output as cut out of a closed region vectors 
which comprises the polygonal line vectors 
and the hidden line vectors. For the intersec- 
tion b, it can be considered as a closed region 
by using hidden line vectors which are 
generated at editing of closed region of the 
road area a. Accordingly, it is able to define 



all road areas as a set of areas (closed regions) 
by selecting figures from one end of open 
polygonal lines in sequence until reaching to 
the end point on the opposite side and editing 
selected open polygonal lines into closed 
region vectors. 

[0006] A graphic processing device which 
realizes above described extraction method is 
equipped with a graphic data storage means, a 
coordinates entering means, a display means 
to display graphic data, and a graphic han- 
dling and processing means which handles 
graphic data. The graphic handling and 
processing means may be realized in software 
by a program, and it is generally separated as 
a discrete editing section and a batch editing 
section. The discrete editing section is 
provided with tracing object figure extraction 
section which extracts polygonal line vectors 
from the recognition initiation point that is 
given by an operator, a parallelism checking 
section which judges whether the tracing pint 
is included in a closed region or not, a next 
point searching section which finds the next 
control point for tracing, a tracing end point 
detection section which finds a end point to 
be a closed region, and a closed figure proc- 
essing section which makes an output of a 
closed region which is surrounded by the cut 
out polygonal line vectors and hidden lined 
which connects end points each other. 
Further in the batch editing section, a proc- 
essing object figure extraction section which 
extracts processing object figures in a draw- 
ing, a closed region composing figure extrac- 
tion section which traces open line polygonal 
lines from an endpoint of open polygonal 
lines in sequence, a corner generation section 
which generates corners when it reaches a 
drawing region border, and a close figure 
processing section which edits the traced open 
figures, are provided. Each of these may be 
realized by software by using a program 
language. 

[0007] By above described means, the 
graphic handling and processing means first 
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[Claims] 

[Claim 1] In graphic processing device 
which edits and outputs open regions of figure 
which are described in drawings and de- 
scribed with multiple polygonal line vectors, 
as a set of multiple close region figures; 
extraction method for closed region of figure 
which is characterized by containing follow- 
ing protocols of 1) through 5). 

1) Select two polygonal line vectors near the 
point which is designated by an operator 
among said open regions, 

2) cut out polygonal line vectors until se- 
lected two polygonal line vectors become 
practically not parallel, and outputs closed 
regions by connecting the cut out polygonal 
line vectors with hidden line vectors, 

3) repeat above described protocols of 1) 
and 2), 

4) for regions which were not cut out in the 
processing of 3), define and output closed 
regions by using polygonal line vectors 
existing in that region and hidden lined being 
defined by above described protocol of 2), 
and 

5) repeat the protocol of 4) for the regions 
which were not cut out in the processing 

of 3). ~ , 

[Claim 2] Extraction method for closed 
region of figure of Claim 1 wherein the 
protocol of above described 1) is to select two 
which are closest among polygonal line 
vectors which exist within a range which has 
been determined beforehand. 
[Claim 3] Extraction method for closed 
J region of figure of Claim 2 wherein the 
protocol of above described 2) is to obtain 
angle 6 between two polygonal line vectors 
and to judge that they are not parallel when 
this 6 is within a range which has been 
determined beforehand. 
[Claim 4] Extraction method for closed 
region of figure of Claim 3 wherein a closed 
region is defined by providing hidden line 
vectors along the drawing region border in a 
case when the object region to be cut out 



contacts with the drawing region border, in 
above described 4). 

[Detailed explanation of the invention] 
[0001] 

[Application field in industry] This inven- 
tion concerns extraction method of closed 
region of figures in graphic processing device, 
and is able to apply in a case when recogniz- 
ing regions such as roads on a geological map 
as areas (closed region, closed figure), and 
further, it concerns extraction method of 
closed region of figures which is suitable for 
editing such as roads on geological maps of 
which outline have been entered as polygonal 
line vectors in advance as a set of multiple 
closed regions. 
[0002] 

[Prior technology] Editing elements such as 
roads on geographical maps as a set of closed 
regions having an attribute of area is neces- 
sary to judge in which region on the geo- 
graphical map the designated belongs, when 
an arbitrary point on a geographical map is 
designated. According to previous method, it 
has been done by a method which is to 
manually define and enter a closed region 
which is to be recognized, in order to recog- 
nize a region like above described with a 
graphic processing device. For example in 
Figure 2, when a region of roads in the 
geographical map 21 is to be recognized as an 
area, it has been done that an operator defines 
by splitting it into closed regions of fl 
through f7 for the road area which is to be 
recognized as an area, as shown in enlarged 
illustration 22, and closed figure vector of 
each closed region is manually entered. On 
the other hand, entering outlines only as open 
figure vectors for such as roads on geographi- 
cal maps, a method has been known wherein a 
geographical map is entered with a graphic 
entering device such as an image scanner in a 
graphic processing device and the outlines of 
such as roads on the entered image graphics 
are traced and converted them into vectors. 
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[0003] 

[Problems to be solved by this invention] 

Above described manual entering method 
requires significant time in operation, and 
entering large quantity of graphics with this 
method has been very inefficient. Further, the 
method to turn into vector by tracing outlines 
is effective for cutting out of a close region 
which is surrounded four sides with roads 
(cross lined region in Figure 2, for example), 
however, there have been a need to manually 
convert necessary regions into closed region 
after entering only outlines as open figure 
vectors as described above, when an attempt 
is made to recognize an open region such as 
roads as a set of closed regions. 
[0004] The objective of this invention is to 
provide extraction method for closed region 
of figure which defines open regions which 
do not form closed regions as a set of closed 
regions by using polygonal line vectors for 
regions such as roads in geographical map 
wherein outlines have been entered as po- 
lygonal line vectors. 
[0005] 

[Means to solve the problems] In order to 
accomplish above objective, this invention 
first classify a road into road areas a and 
intersections b as shown in Figure 1 . This 
road is an open region which is not made to a 
closed region by polygonal line vectors when 
it is viewed from a point on the road. For 
road area a, a graphic processing device will 
automatically cut out polygonal line vectors 
(C in Figure 1) which are contained in this 
region when an operator simply designate one 
point within this region, and it generates 
hidden line vectors (dashed lines in enlarged 
section in Figure 1) on both ends and makes 
an output as cut out of a closed region vectors 
which comprises the polygonal line vectors 
and the hidden line vectors. For the intersec- 
tion b, it can be considered as a closed region 
by using hidden line vectors which are 
generated at editing of closed region of the 
road area a. Accordingly, it is able to define 



all road areas as a set of areas (closed regions) 
by selecting figures from one end of open 
polygonal lines in sequence until reaching to 
the end point on the opposite side and editing 
selected open polygonal lines into closed 
region vectors. 

[0006] A graphic processing device which 
realizes above described extraction method is 
equipped with a graphic data storage means, a 
coordinates entering means, a display means 
to display graphic data, and a graphic han- 
dling and processing means which handles 
graphic data. The graphic handling and 
processing means may be realized in software 
by a program, and it is generally separated as 
a discrete editing section and a batch editing 
section. The discrete editing section is 
provided with tracing object figure extraction 
section which extracts polygonal line vectors 
from the recognition initiation point that is 
given by an operator, a parallelism checking 
section which judges whether the tracing pint 
is included in a closed region or not, a next 
point searching section which finds the next 
control point for tracing, a tracing end point 
detection section which finds a end point to 
be a closed region, and a closed figure proc- 
essing section which makes an output of a 
closed region which is surrounded by the cut 
out polygonal line vectors and hidden lined 
which connects end points each other. 
Further in the batch editing section, a proc- 
essing object figure extraction section which 
extracts processing object figures in a draw- 
ing, a closed region composing figure extrac- 
tion section which traces open line polygonal 
lines from an endpoint of open polygonal 
lines in sequence, a corner generation section 
which generates corners when it reaches a 
drawing region border, and a close figure 
processing section which edits the traced open 
figures, are provided. Each of these may be 
realized by software by using a program 
language. 

[0007] By above described means, the 
graphic handling and processing means first 
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conducts conversion processing to closed 
regions for road areas in the drawing with the 
discrete editing section, then after that, it 
conducts a batch processing for remaining 
regions such as intersections. 
[Functions] 

[0008] (1) Operation of discrete editing 
section 

At the tracing object figure extraction section 
in the discrete editing section, when an 
operator designates a point with such as a 
coordinates entering device inside of a region, 
where he wants to edit in a region such as 
road wherein outline is entered as polygonal 
line vectors, it sets specific region from the 
entered point and extracts an polygonal line 
vector which is closest to the designated point 
among the figures within the specific region. 
Then, it extracts a polygonal line vector 
which is closest to the designated point out of 
the extracted polygonal vectors within figures 
wherein diagonal line is contained within 
specific road width in the direction of the 
input point. Thus, two polygonal line vectors 
are extracted. The parallelism checking 
section connects the tracing starting points 
and next controlling points which are in the 
direction of the tracing, respectively, and 
obtain the difference in angle of vectors, 
between these two polygonal line vectors. 
When the difference of angles is within 
specific parallelism margin angle, and the 
distance between the next control points is 
specific threshold width, it judges that both 
vectors from the tracing start points to the 
next control points are parallel, and it obtains 
coordinates information of the control points. 
If not judged as parallel, it returns back to the 
trace starting point and goes to trace in 
opposite direction. Then next control point of 
above described parallelism checking section 
is obtained at the next point search section. 
When the tracing reaches to the end point of 
the polygonal line vector, it searches for the 
coordinates of the end point and the polygonal 
line vector which has that coordinates and 
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obtains the next control point. At the tracing 
end point detection section, it sets the position 
of end point as a cut surface of the closed 
region when it is judged not parallel to the 
trace result, and make an output of the part 
which was not traced as the result as a sepa- 
rate polygonal line vector. The closed figure 
processing section makes two polygonal line 
vectors which have been extracted by above 
sections and two lines (hidden lines) which 
connect end point of each of them into a 
group, and adds area attribute to send out. As 
above described, it is able to efficiently 
generate closed regions only by entering 
recognition initiation point by an operator. 
[0009] (2) Operation of batch editing section 
The processing object figure extraction 
section of the batch editing section extracts 
processing object figure elements in a draw- 
ing. The processing object figure elements 
mean open polygonal lines which are not 
closed region processed at discrete editing 
section and hidden line vectors which were 
generated at discrete editing section. On the 
closed region composing figure extraction 
section, it selects the figure element which 
was written at the very last among the figure 
elements being extracted at the processing 
object figure extracting section, and extracts a 
figure element having the same coordinates 
values with its one of the end point coordi- 
nates at an end point among the selected 
figure elements. It similarly conducts a 
search from the other end point of the ex- 
tracted figure element, and it defines a figure 
element which is searched before reaching the 
other end point of the processing starting 
figure as the closed region composing figure 
element. When it reaches a drawing region 
border as a result of the search, it similarly 
traces from the other end point of the proc- 
essing starting figure, and when it reaches the 
drawing region border again, it generates 
hidden line vectors on the drawing region 
borders. At the corner generating section, it 
generates hidden line vectors matching 
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corners of the drawing region borders, in a 
case when both of the x and y coordinates of 
two points on the drawing border are different 
when generating hidden line vectors in the 
tracing at the closed region composing figure 
extracting section. At the closed figure 
processing section, it makes the closed region 
composing figure element being extracted and 
generated hidden line vectors by above 
described section into a group and outputs 
with adding attribute of the area. At the batch 
editing section, it is able to efficiently gener- 
ate all intersection regions in the drawing into 
closed figures by similarly making all the 
figures being extracted at theprocessing 
object figure extracting section into a closed 
figure group. 
10010] 

[Embodiment example] One embodiment 
example of this invention is concretely 
described below by using illustrations. 
Although an description is made based on an 
example of cutting out a road on a map in this 
embodiment example, this invention is not 
limited with this. Figure 3 is a block diagram 
showing the structure of a graphic processing 
device concerning an embodiment example of 
this invention. 

[0011] Outlines of roads which are figure 
elements on a map has been entered before- 
hand with polygonal line vectors in a data 
memory 3 as graphic data. Also this data 
memory 3 stores various data being obtained 
by this graphic processing device (such as 
data of control points and coordinates values). 
The graphic handling and processing section 
2 comprises two programs, discrete editing ' 
section and batch editing section in general 
classification. The discrete editing section is 
equipped with tracing object figure extracting 
section 31, parallelism checking section 32, 
next point searching section 33, search end 
point detecting section 34 and closed figure 
processing section 35. The batch editing 
section is equipped with processing object 
figure extraction section 36, closed region 



composing figure extraction section 37, 
corner generation section 38 and closed figure 
processing section 39. Each of these sections 
31 through 39 may be realized by software 
with programming. The central processing 
unit 1 conducts graphic closed region extrac- 
tion processing by executing the program of 
the graphic handling and processing section 2. 
Coordinates entering device 4 is the one 
which is able to designate target coordinates 
such as a mouse or a light pen. The display 
unit 5 is the one which displays graphic data 
and it is CRT display or liquid crystal display, 
for example. 

[0012] Next, outline of graphic closed region 
extraction processing is described based on 
process flow in Figure 4. Polygonal line 
vectors showing a geographical map which is 
to be applied with the closed figure editing 
are read out from the data memory 3, and 
portions of roads except for such as intersec- 
tions and T-sections (fl, £2, f4, f6 and f7 in 
the case of Figure 2) are processed into closed 
figure (step 41) at the discrete editing section. 
This is repeated until the completion of this 
editing of closed figures for entire roads (step 

42) . After the completion of all, then proc- 
essing into closed figure is done for those 
which are not able to be made into closed 
figures by the discrete editing section and 
intersection regions (£3 and f5 in the case of 
Figure 2) at the batch editing section (step 

43) , and the processing of entire road regions 
into closed figures is completed. 

[0013] Next, detail operation of the discrete 
editing section is described based on the flow 
chart in Figure 5. When program of the 
discrete editing section is started, the tracing 
object figure extraction section 31 functions 
first. Figure 7 is a drawing explaining this 
operation. The tracing object figure extrac- 
tion section 3 1 requests the operator for 
entering a recognition starting point (step 51). 
The operator designates coordinates which is 
inside of a region such as the point S in 
Figure 7 where he wants to extract as closed 
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figure by using coordinates entering device 4. 
The central processing unit 1 conduct the 
extraction of tracing object vector from the 
coordinates data of the entered point S (step 
52). At first, it sets a rectangular region of 
searching width L with the point S as the 
center, and selects polygonal line vectors 
which are included within that region from 
the data memory 3. This searching width L 
should be arbitrarily selected according to the 
scale of the map. Then it extracts a polygonal 
line vector which exists closest to the entered 
point S among selected figures as a figure 
element A as shown in Figure 7(1). Then it 
sets a range which makes a diagonal line to be 
threshold road width W in a direction toward 
the entered point S from the figure element A, 
and selects polygonal line vector which is 
included in this range from the data memory 3 
and extract as figure element B as shown in 
Figure 7(2). Then as shown in Figure 7(3), a 
tracing reference points which are for tracing 
the figure elements A and B are determined. 
These are closest points to the entered point S 
on the figure element A and B. Then tracing 
directions for the figure elements A and B are 
set in the same direction, and the first control 
points in the tracing direction from the tracing 
reference points are determined as tracing 
next points, respectively. Where, the control 
points are composing points on the polygonal 
line vectors. 

[0014] The figure element A and figure 
element B being extracted by above described 
processing are cut out of control points in 
sequence by the parallelism checking section 
32. figure 8 is an illustration for explaining 
the operation of the parallelism checking 
section. If it is judged that a tracing next 
point exists in the tracing direction (step 53), 
a line that connects the tracing base point and 
the tracing next point is considered for each 
of the figure elements A and B and an angle 0 
that two lines make is obtained (step 54). At 
the same time, the distance between the figure 
elements A and B is obtained as the road 



width h. Following processing is done based 
on the relations between obtained 0 and 
parallelism allowance angle a, and obtained h 
and threshold road width W. 

(1) When 0 <a,and0< W, 

it judges that the section from the tracing 
starting points to the tracing next points are 
parallel in the figure elements A and B, and 
respective tracing next points are registered in 
the data memory 3 as the closed figure 
composing points. Then it defines the tracing 
next points as the tracing base point for the 
next judgment and it proceeds to the step 55 
and conducts search for the next points in the 
tracing directions (a description is made later 
regarding the next point searching section). 

(2) When the condition of (1) is not satisfied, 
it judges that the section from the tracing 
starting points to the tracing next points are 
not parallel in the figure elements A and B, 
and conducts tracing end point detection . 
processing in step 56 (tracing end point 
detection section is described later), and it 
registers the end points as closed figure 
composing points in data memory 3. If its 
tracing is the first time by the judgment in 
step 57, it reverses the tracing direction and 
conducts tracing processing in opposite 
direction. 

[0015] Then, new tracing next point is 
obtained with the next point detection section 
33 against the new tracing base point which is 
established by the parallelism checking 
section 32. Figure 9 is an illustration for 
explaining an example of operation of the 
next point searching section. In a case when 
the new tracing base point is not the end point 
of figure element as shown in Figure 9(1), a 
point control being proceeded toward the 
tracing direction from the new tracing base 
point is obtained, and this is defined as the 
tracing next point. In a case when the new 
tracing base point is the end point of the 
figure element as shown in Figure 9(2), a 
polygonal line vector is selected from the 
graphic memory within the region 91 that 
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contains the end point coordinates, and it 
extracts a figure element having the search 
object coordinates at the end point from 
selected figure. Among the extracted figure 
elements, the figure element 93, which is not 
the figure element 92 that was previously 
traced, is made as a new tracing object 
element, the end point that is at the same 
value with the search object coordinates is 
made as a new racing point, adjacent control 
point is made as new tracing next point, and 
its direction is made as the tracing direction. 
In a case when extracted figure element is 
only the figure element under tracing, tracing 
end point detection processing is applied, and 
the end point is registered in the control point 
registering section as the closed figure com- 
posing point. If that tracing is the first time, a 
tracing processing in opposite direction is 
conducted. Further, in a case when multiple 
object figures exist, it is defined as an error. 
[0016] Then, a processing for generating end 
points of closed region is conducted (step 56) 
by the tracing end point detection section 34, 
for the tracing sections which were not judged 
as parallel by the parallelism checking sec- 
tion. Figure 10 is an explanation drawing 
which explains an example of graphic closed 
region extraction processing at the tracing end 
point detection section. At first, a vertical 
line is drawn from the tracing base point qO of 
the figure element A to a straight line that 
connects the tracing point pO of the figure 
element B and the control point pi which is 
one step before it, and the cross point is 
defined as p2. Then following processing is 
applied based on positional relation of pO and 
p2. 

(1) In the case when distance between pO and 
p2 is within W x o (a > 1 ): 

Respective tracing end points of figure 
elements A and B are defined as tracing end 
points as they are. 

(2) In a case when they do not satisfy (1) and 
p2 is not on the line pOpl : 

A point that is drawn from pO to the figure 



element A is used as the tracing end point of 
the figure element A. pO is used as the tracing 
end point of the figure element B. 
(3) In a case when they do not satisfy (1) and 
p2 is on the line pOpl: 

The tracing base point of the figure element A 
is used . as the tracing end point of the figure 
element A. p2 is used as the tracing end point 
of the figure element B. Parts which were not 
traced due to the generation of tracing end 
points are output as figure elements of open 
polygonal lines and previous figure elements 
are deleted. 

[0017] Then, a processing to make the 
polygonal line vectors being extracted in 
above described processing into a group of a 
closed figure is done (step 59) at the closed 
figure processing section 35. Figure 1 1 is an 
explanation drawing explaining the figure 
open region extraction processing of the 
closed figure processing section. When the 
second processing at the parallelism checking 
section is completed and tracing points are 
generated, the central processing unit con- 
nects their tracing end points each other 
which are end points of both ends of a closed 
figures and generates hidden line vectors. 
Hidden line vectors are generated on different 
layer from the road vectors not to be shown 
on the drawing. The central processing unit 
makes the extracted polygonal line vectors 
and generated hidden line vectors into a group 
and outputs after applying an attribute to the 
"area" being surrounded with those. 
[0018] Thus, regions except for the areas 
such as intersections and T-sections among 
roads are extracted as closed regions, and then 
extraction of such as intersection areas is 
conducted at the batch processing section. 
This operation is explained based on the flow 
chart on Figure 6. When the program of the 
batch editing section is started, the processing 
object figure extraction section 36 functions. 
In step 61, all of the polygonal line vectors 
and the generated hidden line vectors are 
extracted which have not been applied with 
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the closed figure editing processing by the 
discrete editing section among entire draw- 
ings, in step 61. Figure 12 is an explanation 
drawing which explains the open figure 
vectors being extracted at the processing 
object figure extraction section. It proceeds 
to step 62 and figure number n of the most 
lastly drawn among the extracting elements is 
memorized. 

[0019] Figure 13 is an explanation drawing 
which explains an example of operation of the 
closed region composing figure extraction 
section 37 in figure closed region extraction 
processing. In step 63, PI at the bottom side 
is selected as the watched point for the figure 
element of figure number n among the open 
figure vectors being extracted by the proc- 
essing object figure extraction section. In 
step 64, the central processing unit searches 
for a figure which has an end point of identi- 
cal coordinates with pi except for the figure 
number n among the figures being extracted 
by the processing object figure extracting 
section. In step 65, the other side of the end 
point P3 on searched figure element is made 
as the watched point and a figure search is 
similarly conducted. It is repeated until 
search result reaches following conditions. 

(1) The watched point returns back to the end 
point P2 on the other side of the search 
starting figure element as 131. 

(2) I a case when it terminates on the drawing 
region border (range of error L): the other 
side of end point P2 is made as the watched 
point in step 66 and similarly conduct a figure 
search. And in a case when the search result 
reaches the drawing region border again as 

132, those two points on the drawing region 
border are connected with a hidden line vector 
in step 67. In a case when x and y coordi- 
nates of the two points are both different as 

133, corner generation is done in step 68. 
(The corner generation section is described 
later.) 

(3) In a case when search of figure element 
become unavailable in conditions other 



than (2), it is defined as error. 
[0020] Figure 14 is an explanation drawing 
explaining the corner generation section 38. 
At first, it examines on which edge do those 
two points on the drawing borders exist. In a 
case when those two points are on adjacent 
edges (141), polygonal line vectors having the 
corner which is made by two edges of the 
drawing region border as control point are 
generated as hidden line vectors. In a case 
when those tow points are on opposing edges 
(142), two corners on the drawing region 
border are made as control points and polygo- 
nal lines which are on shorter distance side 
are made as hidden line vectors. 
[0021] It proceeds to step 69 and the central 
processing unit makes the extracted closed 
region composing the figures being extracted 
in above described processing and hidden line 
vectors into a group at the closed figure 
processing section 39, and outputs by adding 
attribute of "area". In step 70, the open 
figures which have been turned into a closed 
figure group is deleted from a group pf 
figures which have been extracted by the 
processing object figure extraction section 36. 
Further in step 71, it defines figure number of 
the one, which is drawn most lastly among the 
remaining figure elements, as n. 
[0022] The batch processing section con- 
ducts above described processing, closed 
figure editing, until figure elements runs out 
which has been extracted by the processing 
object figure extraction section. 
[0023] Although this invention was con- 
cretely described based on the embodiment 
example, it is needless to say that this inven- 
tion is not restricted within said embodiment 
examples and able to be variously modified 
within a range which does not deviate from its 
outline. 
[0024] 

[Effect of the invention] According to this 
invention as described above, it is able to 
enter only border lines in polygonal line 
vectors in advance and conduct closed figure 
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editing to those vectors in extraction proc- 
essing of closed region of figure. According 
to this method, it is able to efficiently conduct 
compared to previous method wherein closed 
figures must be entered as areas where are 
desired to be recognized as closed regions. 
Especially, it is an effective method when 
conducting processing of large quantity of 
drawings and large area. 
[Brief explanation of drawings] 
[Figure 1] An explanation drawing for road 
areas and intersection area which is an 
example of the processing object of this 
invention. 

[Figure 2] An explanation drawing of 
previous technology. 

[Figure 3] A block diagram showing the 
structure of a graphic processing device 
concerning an embodiment example of this 
invention. 

[Figure 4] A flow chart showing entire 
processing of the embodiment example. 
[Figure 5] A flow chart showing the opera- 
tion of the discrete editing section. 
[Figure 6] A flow chart showing the opera- 
tion of the batch editing section. 
[Figure 7] An explanation drawing showing 



an example of tracing object figure extraction 
processing. 

[Figure 8] A drawing explaining operation 

of parallelism checking section. 

[Figure 9] A drawing explaining operation 

of next point search processing. 

[Figure 10] A drawing explaining operation 

of tracing end point detection processing. 

[Figure 11] A drawing explaining operation 

of closed figure processing 

[Figure 12] An explanation drawing of an 

open figure which is extracted at processing 

object figure extraction section. 

[Figure 13] A drawing showing an extraction 

example of a closed region composing figure. 

[Figure 14] A drawing showing operation of 

corner generation section. 

[Brief description of numbers] 

1: central processing unit, 2: graphic handling 

and processing section, 3: data memory, 4: 

coordinates entering device, 5: display unit 



Translated by: Hideyo Sugimura, 651-490-0233, 
hsugimura@pipeline.com, July 24, 2005 
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[Figure 1] 

Figure 1 Road areas and intersections 
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[Figure 2] 

Figure 2 Previous technology 

,21 



T 



V 



Operator manually enters \ 



\ 





f 1 




f z 


fZ 




f 5 


f7 




f6 





[Figure 11] 

Figure 1 1 
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[Figure 4] 



Figure 4 



Figure 7 



[Figure 7] 



[Figure 13] 

Figure 13 
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[Figure 9] 

Figure 9 

(1) If new "tracing base point" is not end point 
of the figure. 
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Figure 10 
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[Figure 5] 

Figure 5 
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[Figure 6] 



( START ) 



Extract processing 
object figure 



-62 



Memorize processing 
object figure number n 



,63 



Watched point *- End 
point of bottom side of n 



Search figure having the 
same coordinate with 
watched point at end point . 

1 Reach to drawing 



64 



Watched point *- End 
point of opposite side of 
searched figure 




65 Abel to 
*" — select 

learch result 

Return to 
element n 



66 



Watched point «- End 
point of top side of n 



Both are different 



x or y is 
identical 



68 



Generation of corners 



Generation of 
hidden lines 



Closed figure 
processing 






Renovat 
extractec 


on of ^ 
figure 



-70 



Renovation of 
processing object 
figure number n 




( END ) 



13 



Patent Publication Hei 7-78524 



[Figure 14] 

Figure 14 

(1) When end points are on agjecent edges of drawing region border. 
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(2) When end points are on opposing edges of drawing region border. 
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